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A VARIABLE SLEEP MODE FOR MOBILE STATIONS IN A MOBILE 

COMMUNICATIONS NETWORK 



FIELD OF THE INVENTION 

The present invention relates to battery-operated mobile radio stations, 
5 and more particularly, to balancing the desire to conserve battery power with other 
factors that effect mobile station performance. 



BACKGROUND AND SUMMARY OF THE INVENTION 

Mobile communications have developed from first generation, analog- 
based mobile radio systems to second generation digital systems, such as the European 

10 Global System for Mobile communications (GSM). Current developments for a third 
generation of mobile radio communications are referred to as the Universal Mobile 
Telephone communications System (UMTS). In simple terms, the UMTS is 
"communication to everyone, everywhere," where communication includes the 
provision of information using different types of media, i.e., multimedia 

15 communications. The goal 6f UMTS services is to combine both fixed and mobile ; 

i 

sehacds to r 

• Because of the widespread success of the existing GSM platform, i.e., a 
global "GSM-footprint," as well jas the inherent upgradatulity and modularity of the 
GSM platform, .there; is" a^stfong-iinpetus to base the UMTS on an "evolved" GSM 
20 platform. Accordingly, the present invention is described in the context of a UMTS 
based on an evolved GSM platf6rm, and therefore, uses GSM terminology. Of cpurse, 
' the principles of the present invention are not limited to a UMTS, a GSM 

platform/terminology, or to any specific mdbile coinhiuriications network and may be 
implemented using other appropriate network platforms and configurations. 
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' • v -Pl -iCurrem ^bil^/cell^^e^mm^jiicatiom networks are typically 
designed to connect and function with Public Switched .Telephone Networks (PSTNs) 
and Integrated Services Digital Networks (ISDNs). Both of these networks are circuit- 
switched networks ^ rather than ; p«et-switehed - and Handle relatively narrow 
bandwidth /traffic. However; p^cket4witciied networks, such as the Internet, are very 
much m demand and naridle much wider feandwidth traffic ttiim circuit-switched 
netwoife. While wirehne corrnimiucafion terminals, e.g., personal computers, are 
capable of utiiizing^ the Wider •p^ket-swillcnSd network bandwidth; wireless mobile 
radio terminals are af a considerate of 
lo 1 mefadio/a^ihte^ 

networks: '' ' Vi( " ; :y: ^-^V-o^ fr p >:■) -,:.y , r ; , ....... ., 



1 f : ■ 

" 5 



15 



20 



- , There, is .also a need for a radio access system that provides wireless 
access^ 

. at ^ na M e wimthefe ^ 

need mav be, best satisfied by a, Wideband-Code Division Multiple Access (W-CDMA) 
accesSinetwork. 



.25 



, ; t to assist in the following descnptioh, a UMTS 10 is how briefly 

core net^ork? S &n as the cloWl ^ n^fee^r example the Public Switched 
Telephone Network (PSTN) and/or the ; Integrated Services Digital Network (ISDN). A 
, r representetive : cpnnectipnless^ shown as cloud 14, may 

Mfor example Hie ^et v ,Ba^ ^twpiks 12 and 14 are coupled,^ corresponding 
core network ^CN) service nodes 16, The PSTN/ISDN circuit-switched network 12 is 
.connected to a CQnnection r orien^ed $ eryice node shown as a circuit-switched services 
node 18 which, in ; a ; GS,M platform,^ center (MSQ 23 ^ & 

corresponding ^visiting location register (VLR) 24. Also in the existing GSM platform, 
the circuit 7 switched seryices. node 18. is, connected to a base station system (BSS) 26 
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- ^whidh in turn is tonnecteci to a raidio basfe siatiori (3S) 28 having a corresponding 
; " geographical cell area*34: J :r: ,;; ' J,S} ;V; " V: ' ; * • 

i i; , The cpnneclionless-opented service node is a packet-swk^ 

, node 2ft tailored to provide packet-switched type services. Jn the GSM platform, such a 
5 . node corresponds) to one or more pf the Qeneral Packet Radio Service (GPRS) nodes; 
e.g., 7 SGSN, GGSN r etc. Each of the, core networks, 18 and 20 also connects to a home 
location register (HL,R) 22 which stores, mobile station identificatipn, subscription, and 
_ mobility/location. infoimatipn. Core, network seryice nqdes 18 and 20 are also 
, .connected to an UMTS r radio access netwprk/LIRAN) 30 which includes one or more 
10 radio network controllers (RNC) 32 coupled to one or more base stations 28, each base 
station having a corresponding geographical cell area 34. The radio access network 30 
provides services to/frbrri mobile stations 36 over the radio4nterface to the core network 
' service nodes 18 and 20 without the core ribtwclrks having to request specific radio 
- resources necessary to provide those services . The UMTS radio access "network 

15' ' (UrXN) 30 u< Maps'^fadio access be^eis onto physical radio ctianfiels -*-- a task by and 
large controlled by the radio network controllers 32. In a W-CDMA system, individual 
~. radio channels are allocated using spreading codes. As described above, W-CDMA 
provides the wide bandwidth .for multimedia, services and other high rate demands. In 
addition, it also provides robust features, like diversity handoff and RAKE receivers to 
?o ensure high communications quality. 



: ^ ' 6 ' 'Wherfa Mobiie'siation'i lidt involved in a connection 

' y'" with the URAN 30, the bore 'networks nfeeH to Be able to locate^nd communicate with 
" thle : ifiibbil6' station.-' Mobile stations also heed to be able to initiate communications with 
the core networks. Typically, cbrmiibrP channels are erriployed: 1 ohe on the downlink 
25 direction from the base station to ifte } mobile station- (a p%mg channel), and another in 
' ' ^he-uplink direction froift the mobile station to the base* station' (a random access 

channel)/ Periodically, the idle mobile station registers or otherwise makes its presence 
known to the base station of a particular cell in which it is currently physically located. 
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station 



... ^ the ; ^ ore n SW* # d^not : j^pjy.the specific cell where the mobile 
. is currency. located, tlie core networks, s^ice nodes ^icaljyjcnow the general location 

"•" : ' : Pf area. Thus, when a 
, ;; , ;.call is to be dir^.^ma ! cor ? ,i^twpr|c to a mobife, station. ^paging procedure is 
.5. t ..perfprmed where a paging message js, sent tp the mobile station oyer, the downlink 
,,,, paging channel requesting jhat the mobile Ration initiate: es^islunent of a connection 
- - wi * ^ e ^ a 9 c f ssne ;W^30yia 

• ^orderio^ 
1 P^^^^ahd iktening^ me appropMe time the particular control 
V"' channel ^ h^simttedi' Ifthe mobile radio is 

cbntiriuallypowered ^^^mohitb^M paging chattMet there is a high 
; probability that it will detect and^ accurately receive thefpage. But mobile stations are 
normally battery operated; arid batteries have a limited life before they must be 

recharged. Continued monitoring of the paging channel thereto dramatically shortens 
15 battery life. "" * : ■■' ''■ • : ;.. - v.. . 



-.1 '■■■■!.: . i 
20 . 



25. 



Accordingly, it is desirable to eliminate or otherwise minimize battery 
consumption Where practical: 1 The I general idea is to place me mobile station into a low 
pWer^nsUmptiori or u sieep"'mb^ to save bakery ^wer when me mobile station 
need not perform any necessary function. In order to make sure that it receives 
important messages, me ;; mpbile ? statipn is periodically awakened from its sleep mode to 
a higher powerrnode so that it^can. revive. messages^ch as.pages or send periodic 
updates of its location via a common channel. The basic problem of optimizing the 
sleep mode ^ wWch conservejJ mg 

mobile station batterypower arid^a shorter beep mode which provides greater 
performance Hke. fa^ter^c^ delay m me downIink 

direction towards ^ .the mobile station. , 
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r- < - . One way tfrapproacirt^ a fixed sleep 

' ' mode period' Where all "mo stations ex^erieiicd the same batiery consumption delay 

1 tradeoff; Wfiife tfiis approach is attractive 'beckuse of its relatively easy implementation 

'"""iand administration, it ignores among oirief things iisef preferences, priorities, and 
1 5 communications service re^uiiremerits: It would be desirable to permit users to vary the 
" ( " sleejp mode period^ priorities, and/or service 

^qttirenieiits. Moredver, in sittiaudn^whfere there is typically low mobile station 
. activity, ayid where the mobile station location-is, known only generally rather than at an 
individual cell, level, the fixed delay. wp ; uld } need to be relatively long requiring a 
10 relatively long fixed sleep cycle. However, 

, other services requiring shortet delays. As a result, the fixedjsleep period would need to 
be set at a short sletep cycle to accoinmodAte the highest activity mode and/or service 
tolerating the least delay. Thus, jeyen though the mobile statipn may have a high activity 
. f . . level or use a short delay type of service for only brief intervals, the mobile station will 
15 wake up with high frequency all of the time. This high frequency, wake up 
unnecessarily consumes limited battery power. 

. .It is an object of the present invention to provide a power conserving 

sleep mode f or a mobile station that may be varied to accommodate particular factors or 
circumstances. v ; > . .. r .., , ~, 

20 1 : ^ it is aii object of the present iiriVentidh to provide a variable sleep mode 

; Sphere the mobile station initiates ^ 

It is a further object of the present invention to prqyide.a variable sleep 
, mode that takes into account different activity levels of the mobile station. 

' " ] ' ; It is a farther object of trie present invention to 

25 mode that takes into account mobile station operator priorities and preferences. 
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°- - * * - -^ S ^ proyide a variable sleep 

^*^?t t^ntp ^»8P^ time constraints 

,. . , associated therewith. 

. ; /' ^ , 'K is ye'tafibte ooj&tWtne^^^ variable 

"5 steep modes in moW 

The present iny^ntiqn. solves these probl^s anci meets these and other 
objects by providing a method of operating a mobile station where a sleep cycle of the 
' ; : station ri^be opiimafiy^eil .fepe^g Sfleof ^ conditions relating to the 

" ■ ■ mobile s^on's ol^tibn:^^^ wake 
up parameterVa^ mobile 

amomatickilyleaveg V lower power mode anH eiiterk a nigher power mode' to, for 
'^ple.iist^fcr 

to the radio 1 access network -jfcf tb the core networks td permit coordination of 
^ mmun ^ io ^sai,d services^^tii mq mobile station, . . 

- If there' is a change in brie or more of the conditions that relate to the 
?' ' irilbWlfe kdti ° n ' S operation; the value of the variable wake up parameter may be varied in 
^P° nsfet ° thatchM ^ 
^^^d^d^tM^tti^m^ incli^ebperatirig at a different one of the plural 

20- ^ time ^ aisQ 

' mobile is wimiri one . . : l: 

■~ s 1 so - * A! Tf 

If the condition is the current activity level of the mobile station, the 

' " °" iVariabl&wate up ParambteriiS 'varied.to increase the.frequency at which the mobile 

25 station wakes up for a higher activity level. For a lower current activity level, the 

■ variable- wake «P parameter may be>varied: to decrease me frequency afwW 

mobile station wakes up. If the condition is a service that is currently requested or 



\WGl :.Hi: 
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: ' " subscribed value is varied to 

increase the frequency at which the 'mobile station wakes up if the current service 
requires a low delay. If the service permits a higher delay, the variable wake up 
parameter value may be varied to decrease the frequency at which the mobile station 
5 wakes up ? If the service includes a maximum the value of the variable 

wake up parameter is varied to decrease the frequency in which the mobile station 
' " wakes up Without exceeding that maximiiiii delay parameter. 

. ^ 

, conservation or lower delay, and as a result of that user priority,: the variable wake up 
.... , s .10 r; parameter is agprppriately y^ejd. f Mqreov^ value may 

s also be varied Spending on the. type of power source currently ; powering the mobile 
. station, For example, a power source r haying a shorter life suggests a longer sleep cycle; 
a power source having a longer life suggests the option, of a shorter sleep cycle. 

In a preferred example embddtmerit df tH^ present invention, the wake up 
15 parameter is calculated in accordance .with the following; * 5f2", where S is the 
; : v duration of .the variable sleep cycle, measuredjfor example as an integer number of 
> : : coinmunicatipn, channel .frames, during which time the mobile station j$ in the lower 
k ; , power mode, .and \ji is a *y ari able integer . ; Assuming/ that the base^ ^t^tioi^ and mobile 
v , ; : > : statipn communicate using^a communications channel that is divided into a repeating 
f 20. ; sequence of M, frames. The ^^!??? °^ ft^^ s lM the sequence is preferably an 

- . integer power of 2, The specific ^ wake Airframe, number, W t \ when the mobile station 

enters a higher power mode may.be determined, in accor^anc^ with the following: 

W = (kS) modulo M , where k is an integer. 

: ..\ f -. *■': \. is.^v.v^ j ?rn :i rr.-'ij-i , '\ 

' : ^ or . , / The 1 variable sleep mode approach of: the present invention also provides 

- -25 ^ considerable flexibility and optimization in communications networks such as the 

UMTS shown in Fig. 1 ; -For each of the,core networks, the mobile station may have a 
corresponding variable sleep parameter. As a result, the-time interval when the mobile 
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i = r. ^ ^tipa^w^ns f from^MTO^^epmGd e ,to ; a higher power sleep mode may vary 
based on the current operatmg,cor^itio^ jW d cqrnmunications between the mobile 
station and the core networks. The present invention also provides a method of 
coordinating and synchronizing ^ phiral core networks having 

5 different mobile station variable sle^p mode paraineters: ; ' * ' 

While the present invention does not ehminate the fact that there is a 
tradeoff between battery saving and serVice ^ the variable sleep mode 

eapabUitiesof thepresent invention pennit optjmizaUon of.that tradeoff in accordance 
wim-the individuals a particular, user/mobile station. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



These and other object's, features, and advantages of the present invention 
; ,. ; will ^Qw-l^jdescn^in conjunction wjth, the drawings in which: 

.... in? r . Hg - 1 1S a di ^gram of an example universal mobile telephone system 
; , : .... ^J S) in wnich * e P^sent invention may be advantageously employed; 

r-^-m .^/.v : , rFig.,2Js * diagram illust^ that may be used in mobile 

.<; ; :.i s taUpn : location:management; and paging procedures; , . 



.. . . ^ 0 ™ uni ^ on s betwe^ ' ; ' 

"" " • ' ,rK S-4is adiagraroiUu&trating'a^formatof a fiamed paging or broadcast 
!>20 . • channel showing a mobile stations sleep cycle (S) and corresponding wake up frames 



{ IV 



Fig. 5 is a flowchart diagram illustrating example procedures performed 
by a base station to send a page message to a mobile station; 
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C*'-' ; - • v "'~ ; - ■ • 'Pigfe : is 'afloWfcMit-^ procedures -performed 

• ^ > by a mobile si&on as it ^ ; . ; / " ; r 

: :• V/^V-i ' / '"'"o v r v. ■ r t v • • * ' . : - : 

Fig. 7 is a function block diagram of a mobile station in accordance with 

one example embodiment of the present invention; 

5 , , Fig. 8 is a flowchart diagram illustrating a mobile sleep/wake routine in 

accordance with an example embodiment of the present invention; and 

r - 1 - FigV9 is adia^airi of the UMTS sy shown in Fig. I showing 

; different mbbiiei station activity levels With respect to Vwo different core network service 
nodes. 

io DETAILED DESCRIPTION OF THE DRAWINGS 

In the following 1 description; for purposes of explanation and not 
limitation, specific details arp set forth, such as particular embodiments, data flows, 
signaling implementations, interfaces, techniques, etc. in order to provide a thorough 
understanding of the present invention. However, it will be apparent to one skilled in 
i i5 the art that the present ihvSntiori r may^ be practiced in ofherlembodiments that depart 
from these specific details. For example, &e present invention is described in the 
example, non-limiting context of the Universal Mobile Telecommunications System 
(UMTS) 10 shown in Fig. 1 and described above. Thus, while the present invention is 
described in the context of an example cellular telephone network using GSM and 
20 *UMTS terminology, those skilled in the :ai t will appreciate that the present invention 
1 can be implemented in any cellular: telephone system 

descriptions of well-known methods, interfaces, devices, and signaling techniques are 
omitted so as not to obscure the description of the present invention with unnecessary 
? detail. ' r:-r---- - ' -. . 
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rormio-. * , H^T*?^?,.^^ mobile station variable sleep 

r , ;i mode of U)e p^nj ^nt^ which indudes 

both locatipn^updating, and pagin^.prQc^dures. . Such location procedures allow 
networks to keep track of the mobile's location more or less accurately in order to be 
S - able to find the-mobile station iri ^ case^^ Lo Cation registration is 

- also used to Bring tM n^^ic^^^A location^ to allow the network 
^ to rapidly provide services; e.g., the visitifig location registration (VLR) functions in 
' GSM. The feing process includes 'sending paging messages in all cells where the 
mobile station could be located. Therefore, if the location co^i is high from the sense 
that the user location knpwlecige is accurate, the !P agmg costs will be low (paging 
meS ^.^ 11 ^ t ~ ™* f, ^".area), and.call setup will ultimately be much 
faster. On the other hand, if the^ocation cpst is low and user, location information is 

< genei ^! °f, "^MW^m* ^ ^ high because paging messages will have to 
be transmitted over a wider area. Presently, the location method most widely 
implemented in first and second generation cellular systems makes use of location areas 
(LA.s)-as shbwn-in Figv 2, Each location area includes plural base station cells. 

- Location'areas all 0 W tr a bfcmgWMobHe : statio^ where'a mobile's location is "known" 
if the system knows the locatibhWitf which the mobile is located. 



20 
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^ -nP ^u sendees offered in a UMTS and the considerable 

demands on Hrnit^^annel resources, the UMTS IQuses different types of channel 
resources. Some examples are shown in Fig. 3. Certain services such as speech 
services require a dedicate channel:^ Other services 

' ^^teivariabte/de-ray and throughput dan utilize a more efficient common channel 
whtch is shared by multiple users^ The base station also transmits various overhead and 
.deriufication information^ a fer^adcast contrbl channel (fBCCH), and typically one 
or more paging channels (PCH1 -P G H^*reused to send paging messages to mobile 
stations m the base stations cell area. Still further, a common random access channel 
(RACH) is employed by mobile stations in the base station's cell to request services and 
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^ "transfer of idaita. A Fonvird* Access Channel (FACH) is a common channel 

; " used by the fe^ase station tb trah^iWf mobile stations. The URAN 30 

schedules the FXCH ^ mobile stations. 

.... . Better resource utilization may be obtained by allocating resources 
5 depending on ^he.amount of data 

activity- lQvel of the,rnpbile,stati^ activity level has a coiTesponding 

f location management situation. The; following is an example breakdown of possible 
activity ley els ; . > t .. u , r: ir { . i:; u 

:., t rj./ n, # t Activity level A T corresponds to a dedicated channel which is 
id ° ! s typicalfy used for very high activity levels or dfeiay intolerant 
' 1 : '' v services liice speech.' The UkAN 30 manages the setup of a 

dedicated hata channel. The mobile's location is obviously known in 
" this situation. 

f u y Activity level A2, corresponds to a common channel shared, by : 
: 15 >tf . multiple mobile stations. for what; ,^e, typically me to medium- 

high activity levels, Examples of common data channels are the 
random access channel and the forward access channel shown in - 
: ' ; *~ Fig. 3. The mobile station's position is known at a specific cell by 
* the URAN 30, and the URAN 30 handles that connection. 

20 : . , ( .Activity level A3 corresponds; to the activity on a paging channel 

. ; . ! v . t which is employed when a mobile station's location, is known by the 
LIRAN 30 on a. URAN Registration Area (URA) basis; i.e., at a 
. ■ . r group of cells rather than at a^ indiyidual cell level. : Typically, 

. . : . .paging : channelS;;have.low"fiotiyity: f ; m yr. rrii, \ ; ; ■ - .a.* r 

25 • Activity level A4 corresponds to activity on a paging channel 

managed by one of the core network service nodes because the 
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' 1 " .WRA^Q^^infonnation about jthe Joqation^f a mobile station 
' :in icll S s ^te^ i :-.erv^ereJ^ < Guiren^ the mobile 

station and : the VRA M }Q. A? tiyj*y level ^corresponds to very low 
activity where, the rnobUe. station location is known only at a large 
5 - , ,.. ^"Pof cells corresponding for example to a URA known only at 
me' core r rietwbrks: - : *••''-: jG 

oThus.ifmere-is.a connection^ 

, yf a^d the URAN^e locat^n of; %mphjle ; ^on is^ownand handled by the URAN 

On the other hand, when there is no connection between the URAN and the mobile 
^ station; the mooite station 's location i^bhly generally -knbwn in a core network. 

M " * ^^WWm^ ^P^ andMcoiiYeiHit.to.have a single, fixed 

, sleep mode that optimally ac^mmod^. yarious i mpbile i station activity levels such as 

■ ^^ity : l?vel S; A ,-A4. ^example, therejs no need to have a short delay period 
, ; c9rrps, P onding to ; a short wake up cycle which might be suitable for medium-high 

. Mm A?. when «* mobile station is in an idle state at activity level A4 In 

: , ,.^ph a situation, fre^em high power ^ wake ups to listen to the paging channel simply 

er:^^**™^* 16 station^ battery. 

r u " ' ■ !: ' ™ 

• and instfead^ovide* a V^ia^^^-^ can ^tailored to best serve the 
current needs and 'circumstances of the mobile; station/user. There are many different 
ways in which a variable. sleep cycle, may be determined; therefore, the following 
method is merely an example, , The variable sleep mpde cycle S may be defined as 
follows: S = 2^ wherfe n is a sleep. mode parameter whostfvalue can be changed as 
necessary to vary the sleep mode cycle S/ Typically, paging channels are divided into a 
senes of frames, each frame having a frame number: The frame numbering scheme is 
"modulo" meaning that after reaching the last frame number, the frame numbering 
restarts from the beginning. Fig. 4 illustrates an example paging and broadcast channel 
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■ ' 'having numbered fraiiics O; j l, 2, {;., M --^ of frames in the 

: * : repeating cycle.' In this exarhpi^ variable sleep mode parameter "n" in 

1 an integer between 0 and 2 log M - -Af should be selected to accommodate the largest 
possible slee*p mode cycle land preferably as a power of 2. ! 

5 During the sleep mode cycle S y tlie mobile, station enters a low power 

mode of operation which conserves battery power. At the end of a sleep cycle, the 
rtibbile station wakes up and enterk into a highei ; power mode of operation to perform an 
operSatibh subh as listening iox a page oh the paging channel before going back to sleep. 

: : , v - r , ; . .Th^ 

10 more than one frequency carries a paging channel, what paging channel among plural 
paging channels if ther6 are several in the celf to listen to, what frame to listen to, and if 
, - : , frafrieS arfe dividend into slots; S^hat suBsldt the frame in which to listen for the page. 
1 °" One way of selecting the frequency (if needed) /the p^ing channel identification (if 

needed), the frame riiimtfer '(F) arid the 4 frame suB&ot (if heeded)' is to employ a 
15 selecting algorithm in both the mobile station and in the URAN based on a mobile 

identifier such as the mobile station's Irit^mationai'Mo^ile Subscriber Identifier (IMSI). 
In any event, once an absolute frame number F is determined, the frame numbers in 
; r- which the, mobile station should Ny ; ?Jcc.upj£Oi^espon<}i t ng to times when it might possibly 
:\\ ■ receive, a, page- is ^ete^wuned^ <\v-tth the following; W = (f .f kS) modulo M , 

• - 20 urwhere -fcr,is : amintegeijv . Eigv 4 ; provide? ;an) illustration? of this relationship with wake up 
>;:U frames W at .F.,cF-h ;F + 2S^,:F yj-W,. ^Byichanging the variable n, the mobile's 
[ - ; sleep >-mode -eye le>ehahges, and ihefrafne number >W in which the mobile station wakes 
t ; o = up r e.g.. to listen to a paijicular^paging-phannel, also varies. - . • ; f 

Knowing the mobile's IMSI and the current value of " n ,"the mobile 
25 station, the URAN 30, and the core network service nodes 18 and 20 can readily 

determine when and how a page for the mobile station will be transmitted from one (or 
more) base stations in the URAN 30. A Network routine (block 50) provides example 
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. i: p^cedu^s perforn^dby^ ar^ where^the URAN 30 or 

or^comne^^ ^ eives an ^ ^ ; 

.,, core netw^seryice node f to^ge Ae m oM e station and also receives the substantive 

' Pag ^ "WW.** mo ^ ^on;s.IM?I, and the mobjle.station's variable sleep 
., parameter value n (block j^.JIft^^ F ^ 

frame slot (optionally) are determined using the mobile station's IMSI (block 54). 
Using the mobile station's variable sleep parameter „. the URAN then determines the 
. ^ mobile stos va^abie|ieep c^le ^/e^V , and ihe wake up frames W using 
j> and^etenn^ ^ mod& M (block 56). One 

or more base station^ 

.channel and slot at every frame number W (block 58) ' C " ' 

'' " " *' • ' : ~ ;0 ^M:.*q'}T:<?': oil: ij-nr.-nh ;o ; •'■> - '> . ,- : t ... „ 

- ; ^ . • ; '^tesestation(s>imayretrarisnut:^ 

cUmes to decrease the, probability that the mobile misses the page message due to 

.changing radio or cell conditions. A page response from .the, paged mobile detected 
.neither by ^paging core network qf 'possibly, by the RNC If the core.network does not 

Wye a page response, it may, repeat^ paging: procedure one orffiore times. 
'■■ Thereafter, if there is stiH no page ^sponse, me mob^ "detached" (not 

reachable). 



i tTyp^callyy transitions between the various activity levels such as A1-A4 
■ described abo.virare performed to . optimize use.of radio resources and accordingly are 
initiated from and cohtrolled.by.th^URAJN 3 Q. On the other hand, the setting and 
change of the variable sleep, mode period for the mobile station is determined by the 
mobde, : station/u S erandk 

performance,- etc. Theresa variety pf : way* to^elate variable. sleep mode cycles to 
Afferent activity levels.^or^^^ empIoy a ^ 

mode cycle for all activity leyp fc but^f . the mobile station has the ability to effect i 
change in the sleep mode cycle. Alternatively, different default sleep mode cycles 



a 

may 
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be stored in both the mobile statiori and lhe*\3RAN- 30 for each activity level. In that 
'■ v - ;L ' case, when the mbbile statiori tiia^ cycle automatically 

changes^ Further, the mobile Station may v 

level. This,' even though the sleep 'mbefc cycle may be defined for each activity level, 
" 5 e.g., a default value, the mobile station can change that sleep mode cycle in that activity 

Consider the situation in which a mobile enters a new cell (block 60) and 
the example procedures followed outlined in the flowchart in Fig. 6. The mobile station 
first reads the broadcast (or other common) channel transmitted by the base station in 
io the new cell (block 62). From information provided in the broadcast (or other common) 
channel, the mobile station determines the appropriate paging channel (PCH), paging 
y channel frame number (F,) v and (optionally) jpaging channel slot using its IMSI 

(block 64) : A decision is made in block 66 whether th^ new cell belongs to a group of 
celis/loCatibn area* where the mobile is already registered. If ftbt, the mobile station 
. . ;y i-.^ 1 .- registers nh k new group of Cells with the URANGO and/br/one^ of the core network(s) 
vo • (block 68). Based bri its current activity le vet ^ (e.g.^actiyiLy levels A2-A4), the mobile 
^ l v station may determine its corresponding sleep mode parameter value n for that activity 
level (block 70). >Ur 

: ^ Of Course, if a /dedicated channel : is ^ 

. 20 : mobile and the URAN 30; (e^gi; activity level Al)- the mobile station will not enter a 

v sleep mdde. r As^mentibnecl abov^ at activity level A2 where a'iriobile station-URAN 30 

- ^connection exists, thb mobile statibn is registered in a single cell ^nd is communicating 
: - via a common- channel. Therefore, the URAN 30 does not need to page the mobile 

; station since its current cell is known. Data for this mobile station is *bhly transmitted 

^ 1 25 ion the common ehanriel during the walce; up frairies (W) calculated for the mobile 

station in accordance with the variable sleep mode cycle jformula S = 2 n (block 72), and 
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:r:-,:- 1 ^wake frame fpri^M^± ^)m>^M^mock 74) using. an associated 
: l i: : ^ vi ^ sleep>b6de p^ameter yi^l2>:<:ror! : ? - . ... . , . 



•f ;. ; i.-» j ...... f ..>.. • .■ ■ • . 

• • ' " ■>■>'■ .• .•- f WOW ,'.,(</• {•Sn'jj't}'.-] •, • ! < 



In activity level A3 where a mobile station URAN connection exists and 
the mobile station is registered in a location area, an associated activity sleep mode 
'parameter^ 

changed 6h the initiative of the mobile station kt any time, e.g^the sleep mode 
P^etermW^ Similar procedures 

are also used' for activity state ~' • V| " '^ yyi ' - - 



on ih 



, , As ^ ,the above example, the,sleep. mode parameter « may differ 
io depending upon the mobile station's current activity.level. In : additipn, there may be 
other procedures employed to determine the current activity of the mobile station 
independent of and/or in conjunction with a more formalized activity level structure, 
^activity levels A1-A4! In fact, a varie^of omerWs can also be employed to 
determine the appropriate sleep mode parameter ihat optimizes the circumstances of the 
15 curreht'situation.' "" ' " ''' iu "W." ,w •. ? • 

: . .- < \, ,,. Vi The sleep mode parameter may l?e varied based on a service currently 
i,;vnreques^o^ ^ 

°' Varial>le ^ leep m ^ P^ameter value may need le, decreased. Conversely, for a 
current service that toler^tes.a higher.delay, ttie,y.ariabl e: .wak.e up cycle parameter may 
?P . - , be -increased *° decrease, tfieire^^ 

r. -^Kcom^g.^tt^^we^.,.^^^ if the se^has a. maximum delay parameter, 
n the value of the variable ^e.up ! cycle,parameter should not.be increased so much that 
/ • !mer esulting,sleep, cycle 



25 



In addition, mere may be specific inputs provided directly by a user of the 
mobile station prioritizing battery conservation or shorter delay, if the user prioritizes 
battery conservation, the variable wake up cycle parameter may be increased to decrease 
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" • 1 the frequency at which the mobile statioh wak if the user desires 

shorter delay and more rapid responseyithe^ be 
decreased to increase the frequency with which the mobile station wakes up ultimately 
resulting in shorter call setup tinieis. ' ' 

,5 t . ■ * ;. : , ^ Y ^ 

powering .the . mobile station. If the mobile station is on battery power, then the variable 
wake up cycle parameter might be. increased to. save the battery. On the other hand, if 
the mobile station is temporarily powered from an electrical outlet, then the user can 
cause the variable wake up cycle parameter can be decreased since power conservation 
io : is less of aii -issue: ^Diff&frenfr^ halving a short life and one having a 

longer iif^/'provide similar possibilities!^ 
■ ■ parameters. 1 "' ! - ' r vv^u, °' ^-'V^-i'-— - 

Reference is made to Fig. 7 which shows a mobile station 36 in function 

.: ■><■ . -I:- ;uo r>. 5 - ;i;< • ; . .m'* 1 . n: - : h : ■ 1 : . 

block. format. The mobile station includes transceiving circuitry 92 and other circuitry 
15 (not shown) for performing typical functions of a mobile station. In accordance with an 

example implementation of the present invention, the mobile station may also include a 

data activity detector 90 which : detects : the; current level of activity of the mobile station. 
: T " For 'examplerthe? data- activity detector 90 may'detect the average 'picket-arrival time 

/measured over a given period of time. The ievSl-ef data activity is -provided to a sleep 
20 1 cycle controller 96~ ) wfrieh deterimhes the Value of the Variable' 'sleep -mode parameter n. 
:u For example, the 'sieep'&ycle' controlled 96 may" select n -based upon comparison of the 
' v-.f currently detected activity to bne-otmorS 1 thresholds: -For higher levels of activity, the 
j i ; sleep mode paratifetef h wouid^have a lowef value ; knd vice ^ v^rM. Data activity may 

also be detected basemen the time since the last data transfer as* compared to volume. If 
25 that time exceeds a particular threshold, then the sleep mode parameter can be 

increased. 
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,,,„:,. ,.. .The mohjl,. stadon 36 also includes a man. tnachinc interface 94 which 
, , ffnn,u a mohile sl aU 9 „„u« desired priorifics sut , as „ _ 

short setup ^ These inpms „ provide(J „ £ ^ ^ ^ 

cotnmu^ service controHe, The sieep cycle controller 96 then selects a higher 

«** station ,6.' n,e sleep cy„e Sector t* may cha„ S e ,„ variable sleep ycle 
, paran,e,or value based on the type of power detected. <„ 

"" J " J "-- ' \U ■<«::- V- : .j,,,- ... , 

' ' when „s, ,, C '"""" ,raCati " n? C0 ° ,ro,lCT '«> inputs from the user 

"'hen estah,^,,,, „ cw , ?ervj?e5i ^ ^ ^ ^ fc ^ 

, c„„ mi e ,„„ provifc inpu , to U)e ^ ^ c( ntr()iicr a; ^ X 

, .™ : s„ m „eh,ha,i,detea, ,h ? maximum delay allowed for a particular service 
„ A. suhscrihcd .hv 1 he m „ l ,i, ?su , i0! ,. m . contt , lunicali , )m ^ 
„ !: , ;?v conirolh, ,„„ ,„„ iders a|| <>f „„. curren(lv subscri|v(j ^ ^ ^ Knnj ^ _ 

— tndeiavthat can ...tplerated to pr0(X . rly provillc ^ ^ ' ' 
, 0 , ,, ; he.„^,„„ n ,de,avnu, y ,i mi ,the vajue of ,, for e.xarnph, in accordance with the 
I , .following: " =-/W(2.o g(m a., delay / duration „, a frame)) •'" ' 



for the mo6H e 7 " 96 S, ° reS SkeP CyCk Pi — *™ 

«— . tJRAN so that the URAN and,core „cwor,s Cn „ti ll2e me variabfc 
„. ~ Wh *- B ****«^IMS rto determine the appropriate 
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A Mobile Sleep'. ... d3ta3 cuv^ asw rthe current 

- ^^^^^^^^^^ : ' 
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cbiresporidihg' to activi^ is unaware of the 

: ' mobile's Cbriii*ecti6ttHvith : iidde 181 or ffib vSnable sleep parameter n\. Oh the other 
hand, the activity level of the mofiile Station 36' with respect to the packet-switched 
services node 20 is relatively high, and a connection exists corresponding to activity 
.5 , . leveL A2. Because a connection currently exists for the packet-switched services 

, v pode 20 T the.URAN 30 knows the mobile' s IMSI, .its current cell, and the variable sleep 
, , a parameter n 2 corresponding to the packet-switched services node 20. 

~ { f1 ° By defining the sleep'mode cycle as a power of two, the w 
1 for each of the two cbh; network service nodes 1 8 arid 20 ard provided b£: 

16 W = (f + £2"*) modulo , iiF nl<h^ M , if n2 < nl, 

where £ is an integer and M is the largest possible frame number. By defining S and 
W as a pbwer bf two; the wake upiinstant W is synchronized so that by waking up for 
the shortest sleep mbde cycle required by one of the ciore network service nodes, the 
mobile also peribditdlly wake3 up on the longer sleep mode cycle required by the other 
15 xbre network service node? For example, because for the short sleep cycle the mobile 
' J :? wakes up at F; F + 2, F "+ 7 4'i'--F*+ : 6}F^ 8, and-for theibnger sleep cycle the mobile 

wakfes up at F, F + 4, F 8/.".;; the two eycle^are synchronized. 

r i : er ! j m Thus, the ymabl^^sl^ by the, present invention allows 

• , ] flexible and selective tradeoff between battery savings and service quality that can be 
.20 : controlled by the mobile station itself, by the user, or by, the network; as necessary. It is 
> t: /also possible to vary the mobile's steep mode cycle so that it is consistent with different 
radio resource activity levels which are controlled by the URAN, Still further, the 
variable sleep cycle allows a mobile station to efficiently listen for independent page 
messages from different core network nodes while' still achieving battery savings even if 
25 the respective sleep mode peribds for those core networks are different. 

: While the invention has been described in connection with what is 
presently considered to be the most practical and preferred embodiment, it is to be 
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" u WHAT CLAIMED jSi " : ' " v? hX ' :% ' p: - u "- y ' u - *- f — • 

1 . In, ^cellular telecommunications system in which a batteryTpowered 
mobile station communicates with a network, a method of operating the mobile station 
comprising: 

5 detecting one or more conditions relating to the mobile station's operation; 

based on the detected one or more conditions, determining a variable wake up 
parameter value used to establish times when the mobile station automatically leaves a 
lower power mode and enters a higher power mode; and 
waking up at the established times. 

2. The method in claim 1, further comprising: 

providing the mobile station's variable wake up parameter to the network to 
permit coordinated communications with the mobile station. 

3. The method in claim 1, further comprising: 
detecting a change in one or more conditions, and 

varying the value of the variable wake up parameter in response to the change. 

4. The method in claim 3, wherein the mobile station may operate at plural 
activity levels and wherein the detected change includes the mobile station operating at 
a different one of the plural activity levels. 

5. The method in claim 4, wherein the plural activity levels correspond to 
different procedures used to locate the mobile station. 

6. The method in claim 4, wherein the detected change includes the mobile 
initiating a change in the one or more conditions while the mobile station is operating in 
only one of the activity levels. 

7. The method in claim 1, wherein the one or more conditions includes a 
25 current activity level of the mobile station so that for a higher current activity, the 



15 
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^ ^-' r ^n : V^abJe,wake up parameter y^e^.variedto increase the. .frequency at which the 
.,v .« ,-obil.e station wakes up,or f fbr^ tow^currentactivity, the variable, wake up parameter 
" ls ^^^^^fy^^ at which^the mobile station wakes up. 

8. The method in claim 7, wherein the current activity level includes a 
volume of transmitted data per unit time. ' - - r- i , . . 

9- The methodm claim' J, 'wh^m the one brinoie conditions includes a 
service-currently requested or^ubscribed by the taobile station so that for a current 
service requMngVlowef ^y^ Variable* w^e up parameier value is varied to 
W cre ^fhe frequency at mobile station wakes up, or for a current service 

frequency at which the mobile station vyjakes up, . 

10. The method in claim 9, wherein the service includes a maximum delay 
^^^^^^ variable wake up parameter is varied to decrease the 
frequency at which the mobile station wakes up to without exceeding the maximum 

15 delay parameter. ' ' ■ 1 r 

11- The method in claim 1 , wherein the one or more conditions includes a 
.- elay T Ut ^ aU ^^ mbbil ^ ta ^ that f^Viower delay, the variable wake 
" UP P3r ^ ^ " ^®^<^^mm*^ the mobile station 
wakes up, or for a higher dela^^ble wake up parameter" value is varied to 
' 20 ^ decrease the frequency at Which me mdbile'station Wakes up.) ••■= 



.10 



25 



12. The method in claim 1, wherein the one or more conditions includes a 

power savings, input from a user of due mobile stations that for .greater power savings 

, the.vanable wake up parameter, valueds^aried to decrease me frequency. at 

mobilestation wakes up, or for decreased call setup delay, the variable, wake up 

parameter value is varied to increase the frequency at which the mobile station wakes 
up. 
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>r ' * ^ : 13. The methdcHn claim 1/ Wherein tt?6-6ne : oi more conditions* includes the 
' ( type of power source cuiTentiy ^ sb that for a power source 

having a shorter life, tfie variable wake up Cycle parameter is varied to increase the 
, cycle, or for a power source having a longer life,, the variable wake up cycle parameter 
5 is varied to decrease the cycle. 

14. The method in claim 1 , wherein the wake up parameter is calculated in 
accordance with the following: .5 = 2", where S is, the duration of a variable sleep 
, cycle whei^ thq mobile station is in tjbie lower power, mode and n is a variable integer, 

. . 15. The nietKod in claim ^ 
' io ' communicate using a Bommuhicatibris cH^nndl divided info a Repeating sequence of M 
frames, and where n — 0, 1, ; _ 2, M — i ; ? ; - l ' " 1 ^ 

16. The method in claim 15, further comprising: 



determining wake up frames (W) when the mobile station enters the higher 
power mode in accordance with the following: 
15 W = (fcS) modulo M , where A: is an integer. 

17- The method in claim 1 5., farther comprising: ; 
> determining wake up frames .(W) when toeipobite station r exitQrs .the higher 
. power mode in accordancerWitb : the { follo\ykig:.; ; ^ [ /yJ : : ; v 

W = (F + £S) modulo where i 7 : ; is a fr^me number of the communications 
20 channel selected based on an identifier associated with the mobile station. 

: . j ^ f \--}ir 18. v In a radio communications system having plural battery-operated mobile 
h - stations; capable of communicating with one or more core networks' using a radio access 
; : i network, where one of the mobile stations; may: operate at pluralcaetiviiy. levels, a 
c ; v method . comprising: .' ; :^\:-:-\ t, , 'k *■ " 
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i.r b ^, :: v - -storing a^orresponding^ 

station for each activity level; r , 

determining a current actiyhytevel, ^pf the. : one.m 0 bile station; 
determining a first time interval when the one mobile station will awaken from a 
"5 lower power sleep modeof op^dbh^'ffigh^pdwe^i^e of -operation using the 
variable sleep cycle parameter value corresponding to me^e^Eecl activity level; and 

sending a message to the' one mobhy station on the communications channel 
during me first time interval. . so !<■..•■- 

., .; . 19 ; ^™ eihod1n 18» w^eWin <; w1ie^-the one mobile station changes to 
' io" a new activity Wet ! ' '•' 1 '- 

,r : ...... ^ e f e ^ hin S asecon ^^ 

from a sleep cycle using the variable sleep cycle parameter value corresponding to the 
' new' activityievel. ' ' * "-' ;r: ' f; '' ' •"•'"•'•<'>-• ■ ' y;** . c .., » 

20. The method in claim 1 8, wherein when the one mobile station is in the 
15 current activity level, the method further comprising: 

changing the variable sleep cycle parameter value corresponding to the current 
activity level to a changed value'; and ' K '' ' J ; ! r 

determining a second time interval when the one' mobile" station will awaken 
from a sleep cycle using the changed variable sleep cycle parameter value' 

20 21. The metiob in c&m 2d, wherein me mobile station' changes the variable 

sleep cycle parameter value. ' 1 ' T ' li :' v o.-; . : 

:.;•! .-. 22. ,, ; The method ,in claim; 8, wherein .for a higher current activity, the variable 
: „ r wake.up i cycle parameter .yaloei^yaried.^iflcrease the .fluency, at which the mobile 
station wakes up, or for a lower current activity, me variable wake yp cycle parameter 
25 value is varied to decrease the frequency at which the mobile station wakes up 

.■■ - 23, . , ; . The.method in claim 1 8 f further comprising: 
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%tU : detecting a : decrease*' in' ^ time since a last data 

transmission exceeds a threshold, and ; ^ v . ' ' v r 

increasing tfi'e* variable siecp cycle paiamdtef ' value: 5 5 : 

24. to The method in claim 23, wherein after the increasing step the method 
further cpmQrises: . , ^ _ . . , . , , 

when data is transmitted, resetting the variable sleep cycle parameter value to a 
default value. 

25.. ^ The n>ethpd r in claim ! 8, further comprising: . v 

determining a service currently requested or subscribed by the mobile station, 
wherein for a current service requiring a lower dela^, the variable wake up cycle 
parameter value is varied to increase the frecjuency at which the mobile station wakes 
up, or for a current service permitting a higher delay, the .variable wake up cycle 
parameter value is varied to decrease the frequency at which the mobile station wakes 

_ 26. The method in claim 25, wherein the service includes a maximum delay 
parameter and the value of the variable wake up .cycle parameter is varied to decrease 
the frequency at which thp mobile station wakes up to without exceeding the maximum 
delay parameter. , . , . . 

27. The method in claim 18. further comprising: 
detecting a delay input from a user of the mobile station, 

wherein for a lower delay, the variable wake up cycle parameter value is varied 
to increase the frequency at f whidh thfe mobile station wakes' up, or for a higher delay, 
the variable wake Up cycle parameter value iisv^ed to decrease the fr^uency at which 
the mobile statical wakes up. - ^ ^ ^ - h ^ .o vj,v f 

28. The method in claim 18, further comprising: 

detecting a power savings input from a user of the mobile station, 
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,,%^iafor ^ate r powepavings ? ^e variable wake up cycle parameter value is 
,. ; ,yarie,dto decrease ft^ueAcy a f wh ; ic£ toe mMe smpnyfak^s up, or for decreased 
^ 9 ■ 11 W^lay. the yariablf : wa^e. ! u i ) ; cy ? le parameter value is varied to increase the 
frequency at which the- mobile station wakes up 

29/ The methddin eiaim^ 

detecting a type of power source currently powering the mobile station, 
y wherein for a power ; sQurce haying,a shorter Hfe, die variable wake up cycle 

parameter is varied to increase the cycler for power source having a longer life, the 
variable wake up cycle parameter is varied to decrease the cycle. 

V '■ •'" !X - ^ r^:.- ;.; V ;v -r- c.\^< .' 

30 :r . v7^e ?nethod, jpcla^-X 

calculated in accordance with the following: S = 2\ where 5 is, the duration of a 
variable sleep cycle when the mobile, station is in the lower power mode and n is a 
.variable integer. j ; , , ., . , , ; ,, 

■j Sr. ■ " , ™ C meth0d m ° laim 30 ' wher ^ in ^ communications channel includes a 
series of repeating'frames and me first time interval corresponds to one the frames, and 
where « ==0,1,2;. ..,M- : i l ; ' f " - 



■ 32;i •ITieimettedd'.ro claim^l,-ff^fer>comprising: "nb 

deterrmmng wakeupfr^ wlifen the mobile station enters the higher 
power niode in accordance with the fpllqwin^: , 

33. ^ membd in clam^ 

determining wake up frames (W) when the mobile station enters the higher 
power mode in accordance with:the7611owing: .,. ; 

W == (F q- kSjinodulo Ml where F is a frame number of the communications 
channeFselected based on an identifier associated With the mobile station. 
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34. The metiibci in iciaiM1'8^wh^ireiift the plural afctivit^ levels correspond to 
different procedures used to Iocdte A tiie mobile s^tibn/th^e pltiraf activity levels 
including a firsf activity level where a 'user is registered 'at \ :> base 'station cell known to 
the radio access network, a secbiid'activity level where a ; user is registered in a smaller 

5 group of base station cells kiip^yn by. the, radio, access network, and a third larger group 
of base station cells known by the one or more .cpre networks. 

35. ' The method in claim 1 8, wherein the determining and sending steps are 
" performed By radio access netwbA/ : ^ : ° 

36. In a radio communications system having plural battery-operated mobile 
ib stations Capable of communicating with first and second core networks, a method 

• ' M comprising:: " ' ■ s *-* f - - yVH ^ ■ ' ,v 

- storing a first variable sleep > pCTameter value for one of the mobile stations at the 
first core network and a second variable sleep parameter value for the one mobile 
station at the second core network; 
15 . determining a time interval when the one mobile station will awaken from a 
lower power sleep mode of operation to a higher power mode of operation taking into 
account one or both of the first and second variable sleep parameter values; and 

sending a message to lb.e; onelmobi]e;Station: on a communications channel from 
; one: of the core networks during the'fire.ttiine.interyaJ. r i^y : > r 

20 37. The method in claim 36; wherein storing step includes storing a mobile 

station identifier for the one iriobile station ahcl the corresponding one of the first and 
second variable sleep parameter values for the one mobile station at both of the core 
r networks. 

38. The method in claim 37; farther comprising: . ; . 
25 r storing at the ;One mobile station the one;mobile. station identifier and the first and 
second variable sleep parameter values for the one rnobile station. 



BNSDOCID: <WO 0022837A2J_> 



WO 00/22837 



30 



PCT/SE99/01815 



i >*r. . ; f^S^ ^infcefirst and second variable sleep 

parameter values are selected so that a first time interval determined for the first 
variable sleep ^i^^' V^^^^nd^ &^M"ileimi&ed fer"the second 
variable sleep parameter value are synchronized. ' 

• - > •■• ' : ;• 4 i j :. 

40. The method in claim 39, wherein the first and second time intervals are 
defined s as a power of 2.: , :r , . 1(> -.. . , 

41. The method in cla^m 39,' wherein me first and second time intervals are 

^calculaM ^- SS^????-^* ^«»?^i5S: 2-;," wto "^1 isibe first time 
interva^when thepne^ ^ isaninfeger 

corresponding to the first variable sleep" parameter, and 52 = 2" 2 /where S2 is the 
^ second time interval when th, one mobile station is in the tower power mode and n2 is 
an integer corresponding to the second variable sleep parameter; ' 

42. The method in claim 41, wherein the communicatioris channel includes a 
f / r ^ e f;.. and Where nl =^h2,...,M-l and 



"2 = 0,1,2,...,M-1. U 



ier 

' VI," j v ■> . ;•• 



' 43v The n^thod in claim 42, further comprising/ ■■ ' >> 

^ te ^&^.^ i ^^ the ^bi,e station enters the high 
power mode in accordance with the^ollo.wing: 

' = W~{k2 n ^ moduJ^i i) .i M h^e, ! fc. is. an integer, if| i nl^,/i2, P r 
W = (£2" 2 jmodulo M , where £ is an integer, if n2 < l rii : ' 

q 44; ? ^e method'in claim '42f further comprising: • ~ 
[ determiRin g ^^ames ^^when the mobile station 'enters the higher 
ipower nibd'e in'- accordance'^ the tollo'wing: ' ' ' ••> • 
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W = ^F + /:2 7IJ j modulo M /where is an integer, if n\<n2, and F is a frame 

number of the communications channel selected based on an identifier associated with 
the mobile station, and 




5 45. A method of operating a battery-powered mobile radio that communicates 

over a communications channel in which messages are communicated in a series of M 
repeating frames, comprising: 

determining a variable sleep cycle S when the mobile radio is in a lower power 

consumption mode, where S = 2 n and n is an integer who value is variably determined 
id by the mobile radio, and 

cietermining a wake up time W when die mobile radio leaves the lower power 
consumption sleep cycle and enters a higher powef awake mode, where 
; ; W Tr(kS) nwdulo M . P , » :r i ; ..' : f . ' . 

46. The method in claim 45, wherein W is determined further in accordance 
15 with W = (F 4- fcS) modulo M , where F is a frame number of the communications 

channel selected, based $n an idenitifiey associated, with the mobile station. : 

47. ' A battery-operated m^ 

transceiving circuitry for'ti^Asmittirig ahd receiving data; ' 
a detector detecting one or more condidorih-relating to the mobile station's 
20 operation; and : * _ , - w . r ;^ ~ ; <- 

a sleep cycle controller determining a variable wake up cycle parameter used to 
establish a cycle when the mobile station ^utprqAtically leaves a lower power mode and 
t r enters a higher power mode based on ithedetec ted one or more conditions, 

wherein the sleep cycle controller:, operates the transceiving circuitry in 
25 accordance with the determined variable wake up cycle parameter. 
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■;• kx-a\ on: *&«<48»'- r.jThe^attery^opCTate^ 

detects a change in one or more conditions ; and varies, die yahie of the, variable wake up 
cycle parameter in response to the detected change. 

,- . u.- M - 49. s . .T h e,.ba|tery^pe^|^.n^^.|s^tion in claim 47, ( wherein the detector is a 
v ,5, ./. activity detecto^^ 

by the mobile station. .,, . , ..... : . . 

i,f - : , ;i f t 50.,, The battery-operated ■□wj^st^on,m.cl{um47, wherein the mobile 

0 i , { statioii may op^te^.pli^acti^l^ls^d, wherein the detected change includes 
, ; , the mobile station #angin£.frpin,operati^^ plural activity levels to 

• 10 ; operation at anomer. of me pjural- activity . . tj . 

51. The battery-operated mobile station in claim 50, wherein different 
procedures used to locate the mobile station for each of the Activity levels. 

battery-operafed mobile station in claim 50, wherein the detected 
Ciiange in ^ ludeS me sIe ep cycie controller' initiates a change in the one or more 
, ! 5 G ?^™ B . w ^ e "'& e mobile s^iioii' is operating in only on¥ of the "activity levels. 

- ' i x ' 53 - 7116 battery-operated mobile station inxlaim 47, wherein the one or more 
•'••* ' -■■ < ^m^:i^^^:ev^t9^ty ! )gvpl of the mobile, . station so that for a higher 
C ! UTe f activit ! y ', the Sleep cycle contr oUer varies the variable wake up cycle parameter 
<( ^ ue to inc^^fi^uency at wnick me mobile Wbn wakes up, or for a lower 
20 , ; cuirent 'activity, the sleep cycle co^UerS^ri^ the Variable wake up cycle parameter 
value to decrease the frequency at which me mobile station wakes up. ' '' 



25 



, .; t ■■, 54, ..: The batteEyroperated mobile station in claim 4,7, wherein the one or more 
conditions includes a service currently requested or subscribed f by the mobile station so 
that for a current service requiring a lower delay, the sleep cycle controller varies the 
variable wake up cycle parameter value to increase the frequency at which the mobile 
station wakes up, or for a current service permitting a higher delay, the sleep cycle 
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" controller varies thS variable wake up to decrease the frequency 

1; at which 'ih6 mobile 5 station Wak6st^ i,ro *"•*'*" ' 7 - - ;; ' r 

55. The battery-operated mobile station in claim 47, wherein the service 
includes a maXimiiih deliy p^ the variable wake up cycle 

5 parameter is varied to decrease the 1 frequency at which the mobile' station wakes up to 
without exceeding the maximum delay parameter. - 

56V Ttie batteiy-opBrated rriobile station in claim 47, wherein the one or more 
1 ' conditidns fhciuides a de&y input from a user of tifemobile station so that for a lower 

delay, the sleep cycle tjohtroller 1 varied the variable wake up cycle parameter value to 
10 increase the frequency at which the inbbilfe 'station wakes up, 'arid f6r a higher delay, the 

sleep cycle controller varies die variable wake up cycle parameter value to decrease the 

frequency at which the mobile station wakes up. 



. 57. f The battery-operated mobile station in claim 47, wherein the one or more 
_ conditions includes a power savings input from a user of the mobile station so that for 
15 , greater power sayings, the sleep cycle controller, yaries the variable. wake up cycle 

parameter value to decrease the frequency at which the mobile station wakes up, or for 
decreased call setup delay; the sleep cycle controller varies the variable wake up cycle 
?; parameter value to* increase the frequency ai which the mobile station wakes up. 



58. ? The batteryroperated mobile station in claim 47, wherein the one or more 
20 conditions includes the type of power source currently powering the mobile station so 
that for a power source having a shorter life, the sleep cycle controller varies the 
variable wake up cycle parameter to increase the cycle, and for a power source having a 
" Ibnger life, the sletep cycle controller varies die variable wake up cycle parameter to 
: * -decrease the cycled' ' ° - O--*' 7 ^"' ' * 1 v.j ' - 

25 , 59. The battery-operated mobile station in claim 47, wherein the sleep cycle 

controller calculates wake up cycle parameter in accordance with the following: 
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S~2\ where S is the duration^ variable sleep cycle when the mobile station is in 
the lower power mode and n is a variable integer. 

, • 60 - The battery-operated mobile station in claim 59, wherein the mobile 

\ station communicates with a networking^ communications channel divided into a 
5 repeating sequence of M frames, and where ri = 0, 1, 2, M - 1. 

61 . r The battery-operated mobile station in claim 60, wherein n is a power 

of 2. ! ' [;■■ ■^■■^ 1 ! ; 

1 ' ?L [62 -.. _JP* ba^H)p%^tedmobUb stati6n ih ! claim ^O^e sleep cycle controller 

:.. ,i, ,; detenmning^ake up jramls (W^er^ en}eri the higher power mode 

10 in accordance witli the following^ : V 1 1 " - i ' 



;/ : 



15 



^ 7't^) mod, f l0 Hi ^Mheje i;~is an integer77 j ^ i ! ' 

- ve63 V" The battery-operated mobile,station in claim 60„further comprising: 
;r determining wake up frames (W) when the mobile station enters the higher 
|x>wermod& in accordance; with the, -fpllowingi ? 

{ " ' ; W = ( F ^) modulo where F is aframe number of the communications 
Channel selected based on anj identifier associated with the mobile station 
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